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1. Background 

From the outset, the computer has established two potential roles 
in the musical arts « the one as a sound synthesizer and the other as 
a composer (or composer's assistant). The most important developments 
in synthesis have been due to Max Mathews at the Dell Telephone Labora- 
tories [7J. His MUSIC V system endows a computer with most of the 
capabilities of the standard hardware of electronic music. Its primary 
advantage is that the user may specify arbitrarily complex sound sequences 
and achieve them with a minimum of editing effort. Its primary disad- 
vantage is that it is not on-line, so that the user loses that critical 

sense of immediacy which he* as a composer, may deem valuable* 

The major experiments in the area of composition of music have been 
due to Lejaren Hiller* Jointly with Leonard Isaacson, Hiller designed a 
series of computer programs whose outputs were interpreted in the standard 
notation of a string quartet ( Illiac Suite for String Quartet , 1957) [4]. 
The results have been performed in concert and are currently available 
on a commercial recording [2]. This recording also contains Miller's 
second large-scale project. Computer Cantata , which not only involved 
the specification of a score but the synthesis of taped sounds as well [3], 
More recently, Hiller has collaborated with John Cage, when the latter 
was Visiting Professor of Music at the University of Illinois, in the 
preparation of a piece called HPSCHD, for live harpsichords and computer- 
generated tapes [1). 



2. HPgggP 

HP5CHD was composed on a multiplicity of scales of different tempera- 
vents. A series of pitch-determination routines were applied to all 
divisions of the scale from five notes per octave to S6 notes per 
octave. Original ly, 55 notes per octave was set as the smallest aicro- 
division, because that particular scale admits of perfect fifths; but the 
computer had sufficient memory to accomodate one more scale. 

The composition consists of the 52 computer-generated tapes (with 
the different divisions of the octave) and seven harpsichord solos to be 
played live. The sound was generated by the coaputer, following the 
principles of Max Mathews' program and making some 32 variations on 
harpsichord-like overtone structures. Binary decisions (such as those 
in the pitch-determination routines) were settled by a conventional randon 
number generator; but when there were more than two possible choices, the 
decision was determined by a special routine called ICHING (based on a 
Chinese method of divination in which three coins are tossed six times to 
obtain a hexagram, i.e. nuaber, from 1 to 64 [5]. Sinco then, Ed Kobrin 
of the University of Illinois has made another ICHING program [6]* The 
first ICHING progran was so integrated with the other routines of HP5CHP 
that it couldn't be extracted; but Kobrin has made another ICHING program 
which not only gives random numbers from 1 to $4 in great quantity, but 
also is adaptable to decisions with more or less than 64 choices. 

Another interesting thing to nention about HPSCHD was the physical 
circumstances of the performance, which was in a very large round building 
with the seven harpsichords in a circle leaving the audience free to 



either move, or stay on the bleacher-like area around the hall, or move 
into the center of the space itself and be in the middle of the harpsi- 
chords- The 52 tape~»ac)iines were around the perineter of the building 
and the speakers were equidistant around this circle* Then on an inner 
circle (like a donut) there were the seven speakers from the amplified 
harpsichords. Since the piece was microtonal, it was thought that the 
visual activity in the performance should be like telescopes. So there 
were 80 slide projects, 100 moving pictures, and 8,000 slides of travels 
through space and such things, so that visually one was seeing the world 
as from a telescope in space and acoustically one was hearing this fine 
division o£ the octave. So»e of these 80 slide projectors were flashing 
images (like those one could see inside on big circular screens) on rec- 
tangular outdoor screens; so that as one ca»e near the building one 
already got, visually, an impression of what was happening inside* Mien 
the performance was over {and it had lasted for five hours) the outdoor 
projectors were still working because it had been impossible to turn them 
all off. 

3. Cybersonics 

While HPSCHD was performed live, the role of the computer in the 
piece was strictly as a pre-processing device. Such has been the case for 
almost all applications of electronic equipment to music (with the excep- 
tion of the aorc conventionally based electronic instruments, such as the 
electric organ, Ondos Martinot, and thcremin) . More recently there has 
arisen a school of thought of "live electronic music, 11 in which the 
electronic musical apparatus is used in an on-line capacity rather than 



just sisply for the preparation of tapes prior to performance time* 

One facet of live electronic music is very closely related to the 
field of artificial intelligence and, in fact, has been given the name 
"cybersonics". The first piece to be 30 called was composed in 1963 
and was a piano piece called "Medium Size Mograph 1963". To the piano 
was attached a microphone and the microphone was attached to an amplifier 
whose gain varied according to characteristics of the sound of the piano 
itself, so that the performer was able to make a different timbre out of 
the piano simply by changing its amplitude. Instead of starting loud 
and decreasing to a quiet sound, the amplifier has a built-in mechanism 
whereby it started quietly and then went through some excursions of its 
amplitude automatically during the course of every sound. The resulting 
sound was not much like a piano. That was a fairly simply application 

of the cybcrsonic concept. The major innovative feature of this concept 
was that one could carry a small box with which, in a relatively simple 
way, one could (effectively) make a "new" instrument out of a conventional 
one. 

A more recent work along these lines is for a French horn, called 
"Hornpipe", in which the French horn is not fundamentally modified as 
the piano was in the earlier piece; instead, the acoustical properties of 
the space in which one performs are made use of in the piece. It is the 
business of the performer in this piece to determine where some of the 
resonances of the space exist in order to be able to make thea sound 
through fairly simple acoustical feedback procedures which form an accom- 
paninent for the French horn. 



The performer wears a siaall box of circuitry attached to an amplifier 
and loudspeaker. The piece starts as a solo, during which the box is 
listening. It has within it several resonant circuits which move about 
on their own until they find those sounds made by the horn which are most 
resonant within the space* As soon as these resonant circuits have locked 
onto these different spatial resonances they begin to store information 
about the number of tines that those resonances are hit. After a certain 
amount of time, that storage opens a gate. In effect, one or more of the 
several amplifiers in the box is actuated, and the space is able to 
respond to the loudspeakers. Further, the perforaer is in a situation 
where he can add »ore sounds from the French horn in such a way as to turn 
off the amplifiers. So the result is, effectively, a duo between the 
performer (and his hardware) and the space itself. There are time circuits 
on the amplifiers that will shut them off on their own, so the performer 
can turn them off in advance according to what he plays or he can extend 
them. He can even turn them back on again. 

The hardware is realized mostly with differential amplifiers, which 
is possible to do in a convenient size with integrated circuits. There 
axe eight such differential amplifiers, and they have resonance circuits 
in their feedback loops which are voltage-controlled as to what their 
resonances are. This is accomplished through the resistance between the 
emitter and collector of a transistor, which varies according to what's 
on the base. The voltage stored on the base is what tunes each of those 
amplifiers. (In fact, they very rarely all are operating at once. 5oae 
of them don't find a resonant frequency to lock onto.} Those amplifiers 
arc then followed by a gated amplifier, essentially a voltage-controlled 



amplifier, which turns on with a Schmidt trigger. After certain voltages 
are released, it turns on. These eight parallel signals are added at the 
output and mixed down to two outputs for stereo. The memory is capacitors' 
charge on the gates. There are two storage parts: first, an electrical 
storage to tune the resonant circuit; then, following the resonant cir- 
cuit, is a voltage-controlled amplifier which has a charge added on to 
a second capacitor storage until it reaches the point that the gate opens. 
As it opens, it drains out the second capacitor after a certain period 
of time until it closes the gate. It can also be turned off, as was men- 
tioned, by playing pitches that detune the previous resonant amplifier 
which will make that amplifier drop out by changing its resonant point. 

The input consists of two lavalier microphones worn in the per- 
former's pockets. The horn is equipped with switches for control signals 
to raise and lower the ajnplitudc of the whole thing. The circuitry can 
sometimes get out of hand. One can get into a situation while performing 
where too many gates would open, in which case one can simply back down 
on the overall gain control on the horn. That's a safety feature. 

This piece is not absolutely fool-proof. There were occasions when 
it would not work. The first occasion was in a recording studio for 
the Italian radio in Rome, They had one of those rooms that was practi- 
cally anechoic; so there was nothing to resonate and we just couldn't 
sake it work. Out-of-doors is not an ideal place to create resonances 
within the range of this gadget. That problem was solved simply by find- 
ing an area next to a building so that there was enough of a reflective 
surface behind the performer. 

A recording of the piece has been made; it was dono in Walthaa, at 
the Rose Art Museum at Brandeis University. This is a big marble 



building with a pool of water on the lower floor. In this space the 
hardware wouldn't turn off because the space was so reflective. 

The title, "Hornpipe", does not refer to the old sailors* dance, 
but rather to the face that a horn is part of the piece and the resonant 
characteristics of the circuitry are very much like the resonant char- 
acteristics of pipes. There are specific things in the score which one 
must play on the instrument, but they are not played in a specific 
order; the performer has to choose from the various sequences, beginning 
by choosing something to play. As time goes on he has to use up the 
material in various ways. The specific pitches arc chosen by the per- 
former and are gradually narrowed down in the course of the performance 
to those things that are relevant to the space. 

* 
4. "Conspiracy 8" 

The circuitry within the box for "Hornpipe" has a kind of elementary 
computer-like function, in that it stakes decisions which are, in a very 
real sense, determined by the composer in advance. It stores informa- 
tion, in an analog rather than a digital form, and it makes decisions 
which affect what the performer does outside of the device itself* It's 
a special-purpose computer — of no good to mankind except to make a bit 
of sound* 

The use of a large-scale digital computer can be of interest to the 
composer, not only from the standpoint of sound generation but also as 
a "personality", if you will, in the business of the performance^ Aside 
from being a sonic profession, music is also a social activity. 



The medium of computer-generated sound is so elaborate that it 
requires far more work than many composers are presently willing to 
spend in programming when such sounds can be accomplished much more 
easily through hardware. ( HPSCHD was two years in the making.) Most 
live electronic music employs equipment which is not unsimilar to the 
various commercial synthesizers -- sound generators and sound modifiers, 
largely voltage-controlled or current-controlled devices. Such devices 
can be computer-controlled, relieving the computer of the burden of 
sound synthesis and making it available for other possibilities. 

"Conspiracy 8" (1970) does not strictly involve computer-controlled 
hardware, but it demonstrates the possibilities inherent in such tech- 
niques. The Chicago Conspiracy Trial, with its eight defendants, plus 

Judge Julius Hoffman and a lot of everybody else, was like an enoraous, 
rather spectacular musical operatic composition. The whole thing has 
been one of the great theatre events of the past several years. (Con- 
sider, for example, the scene when Bobby Seale was removed from the 
cast of performers. They changed the name to the Chicago Seven, because 
the whole idea of the Conspiracy Eight had become too difficult to 
handle.) "Conspiracy 8" was inspired by this trial. It's not s political 
piece, it's a social piece. It can have up to eight or more performers 
and it is, literally, a sort of conspiracy. The performers bring to it 
whatever they have to bring -- whatever they are able to do. Somebody 
is a moderator, whether it's Judge Hoffman himself or the computer for 
which the piece was designed (a PDP-6 — the actual computer model is 
irrelevant, so long as it can communicate with the performers; all judges 
are different). 



Both judges :and computers make noise when they process their 
material. The actual relationship between the computer "Judge" and the 
performers is still being developed. Currently, one of the performers 
communicates with the computer by means of a teletype; in the future, 
the teletype nay be circumvented by means of microphone inputs to the 
computer. In any event, the role of the computer is as a performer. It 
doesn't matter what sounds occur, that is, what the sounds are that are 
brought to the piece; what matters is that all performers are in a posi- 
tion to exercise control over what each other does. The sounds of the 
computer, teletype and of everything else used are altered by the elec- 
tronic means, and all performers share in deciding upon alterations. 

To obtain sound from the PDP-6, the rightmost six bits of a memory 
word specified by the test switches arc monitored by six "one-bit 
digital-to-analog converters"; these devices simply emit a click when- 
ever the bit to which they are attached changes state. These six 
channels are mixed and separated into two output channels of sound, sub- 
ject to a limited degree of filtration. These two channels then serve 
as inputs to the elctronic apparatus. Other inputs to this apparatus 
come from microphones for the individual performers. (In the current 
version, one microphone picks up the sounds of the teletype while another 
amplifies the sound of a musical saw.) Only one of the two computer 
channels is actually subject to modification; the other is always 
unmodified and is only subject to amplitude control. The apparatus 
admits of four kinds of modification procedures: frequency modulation, 
amplitude modulation, forraant modulation [variable filtration), and 
degree of reverberation. In one particular mode of operation, the 
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frequency modulation is dependent upon the amplitude on the input signal -• 
i.e. the louder the signal, the higher its pitch. 

For purposes of communication, the current version uses the English 
program language, in as reasonable a way as possible. This was accom- 
plished by 3 special purpose for Weizenbaum's ELIZA [8]* This particular 
version, implemented in LISP, has been given a vocabulary relevant to 
the circumstances of "Conspiracy 8", No particular conspiracy jargon 
was implemented into the script (although such would be feasible, if 
desired). The script was written purely in teras of the available instru- 
aents. In fact, it has been modified for a concert in New York during 
which an additional performer was playing a melodica. 

We are also considering a project involving the PDP-14, a new com- 
puter which is made for industrial automation and control procedures, 
it appears to have very direct applications to live electronic music in 
that many procedures do not require man-machine communication. A machine 
which is preprogramed for specific tasks may be able to ease the burden 
of working with a large configuration of electronic equipment. 

There is also a composer in Illinois who has built two computer 
kits; they are used for educational training and computer programming 
procedures. He built two of thca and haywired them together so that he 
is now able to perform on them, treating them as live instruments. He 
doesn't make tapes fron them at all. He plugs in various kinds of sound 
generators and uses the computers as an articulation device. There are 
probably several more such projects in development. 
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